ABSTRACT-Using ion-selective microelectrode techniques, we investigated the effects of 4-acetamido-4'-isothiocyanatostilbene-2,2 disulfonic acid (SITS) and 4,4' -diisothiocyanostilbene-2,2 disulfonic acid (DIDS), which are known as Cl--HCO3-exchange blockers, on action potentials and intracellular pH (pH;) in guinea pig ventricular papillary muscles subjected to simulated ischemia. Simulated ischemia was produced by stopping the flow of superfusing solution and then covering the preparations with mineral oil. Simulated ischemia induced a progressive decrease in the maximum upstroke rate and resting membrane potentials, shortened action potential duration, and resulted in cessation of action potentials within 10-12 min after the onset of simulated ischemia. The pH;-measurements revealed progressive intracellular acidosis during the period of simulated ischemia. SITS (0.5 mM) or DIDS (0.1 mM) delayed the onset of ischemiainduced deterioration of action potentials and prolonged the time to cessation of action potentials. SITS or DIDS (0.1-0.5 mM) induced an increase in pH, in HCO3--buffered solution and suppressed the development of intracellular acidosis during ischemia. Under the external Cl--free condition, the time to cessation of action potentials caused by ischemia was significantly delayed, and the development of intracellular acidosis during ischemia was attenuated. The present results indicate that activation of the Cl--HC03-exchange system would be involved, in part, in the development of intracellular acidosis during cardiac ischemia.
During cardiac ischemia, it is known that intracellular acidosis develops because of the hydrolysis of high-energy phosphate and anaerobic glycolysis (1 -4). The acidic intracellular environment would favor the exchange of extracellular Na+ for intracellular H+ via Na+-H+ exchange, resulting in an abnormal gain of intracellular Na+ (5) (6) (7) (8) . An accumulation of Na+ inside the cell would lead to subsequent Ca2+ entry via Na+-Ca 2+ exchange. This will ultimately lead to cardiac dysfunction and cell damage during ischemia-reperfusion (4, 9, 10) . Based upon the assumption that blockade of the activation of Na+-H+ exchange would have beneficial effects on cardiac function during ischemia-reperfusion by depressing excess Na+ entry, several independent laboratories have shown that Na+-H+ blockers, amiloride and its derivatives, have protective effects against various indexes of cardiac dysfunction after infarction and during ischemia-reperfusion challenge (10) (11) (12) (13) (14) (15) (16) .
In cardiac cells, however, the role of the anion exchanger on intracellular pH (pH;) regulation is complicated and three postulated mechanisms, at least, would be involved: Na+-dependent Cl--HCO3-exchange [CI efflux / HC03 influx (17) ], Na+-independent Cl--HCO3-exchange [Cl-influx/ HCO3-efflux (18) ], and Na+-HCO3-cotransport [Na+ influx/ HC03 influx (19, 20) ]. Most studies suggest that the recovery of pH; from acidosis is mediated by several sarcolemmal ion transports including Na+-H+ exchange, Na+-HCO3-cotransport, and Na+-dependent Cl--HCO3-exchange, but the recovery from alkalosis is mediated by Na+-independent Cl--HCO3-exchange. In Purkinje fiber, Vanheel et al. (21) showed that acid extrusion was not impaired when the [Cl-];-[HCO3-]o exchange was blocked, whereas other investigators suggested that the Na+-dependent CI--HCO3-exchange plays a significant role in pH, regulation in isolated chick heart cells (17) and in quiescent Purkinje fibers (22, 23) . More recently, the existence of HC03-dependent pH, regulation (Na+-HCO3 symport) in the guinea pig ventricular myocyte has been also proposed (24) . However, the role of anion exchangers in the generation of intracellular acidosis remains unclear, and the relative contribution of these exchangers and pH; to ischemia-and reperfusion-injury has not been fully investigated. To our knowledge, the only relevant study concerns the activity of 4-acetamido-4'-isothiocyanatostilbene-2,2'-disulfonic acid (SITS), a blocker of the CI--HCO3-exchange (25) , and substitution of external Cl-with nitrate, which were found to inhibit ischemia-and reperfusion-arrhythmias (26, 27) . However, these authors concluded that these antiarrhythmic activities were not a consequence of alkalinization (e.g., via inhibition of the CI--HCO3-exchange) (27) .
The stilbene derivatives SITS and 4'-diisothiocyanostilbene-2,2'-disulfonic acid (DIDS) are known to affect pH;-regulating mechanisms by inhibiting CI--HC03-exchange (23, 28) , Na+-couple Cl--HCO3-(17), Na+-HCO3-symports (19, 20) and Cl--channels (29, 30) . However, effects of these stilbene derivatives on ischemia-induced deterioration of cardiac action potentials and the development of intracellular acidosis during ischemia have not been fully investigated. Therefore, in the present experiments, we examined effects of SITS and DIDS on pH; of the guinea pig papillary muscle preparations exposed to a transient ischemic episode by measuring pH; in vitro. We found that both agents delayed the development of intracellular acidosis during simulated cardiac ischemia, suggesting that activation of the Cl--HCO3-exchange system (Cl-influx and HCO3-efflux) would be involved, at least in part, in the development of intracellular acidosis occurring during cardiac ischemia.
Preparations and solutions
Guinea pigs of either sex weighing 250 to 300 g (Inoue Experimental Animal Center, Kumamoto) were stunned, and their hearts were quickly removed and put into cold Tyrode's solution. Papillary muscles (2 -3 mm in length and ^-0.5 mm in diameter) were dissected from the right ventricle, mounted in a flow chamber (the bath chamber in volume about 2 ml) and superfused continuously at approximately 5 ml/min with NaHCO3-buffered solution equilibrated with a 95% 02 + 5010 CO2 gas-mixture. The composition of NaHCO3-buffered solution was as follows: 137 mM NaCI, 4 mM KC1, 0.25 mM MgC12, 1.4 mM CaC12, 5.5 mM glucose and buffered with 20 mM NaHCO3, Cl--free solution was made by equimolar substitution of Na glucuronate for NaCI, K glucuronate for KCI, MgSO4 for MgC12 and by replacement of CaC12 with Ca gluconate, 6.7 mM (23, 31) . The pH of the solution was adjusted to 7.4 by adding HCl in HCO3--buffered solution. The pH of Cl--free solution was adjusted by adding acetic acid. The temperature of solutions was monitored using a thermoprobe placed in the bath chamber and was controlled at 36±0.5C.
The preparations were equilibrated without stimulation for 1 hr before the start of the experiments and then were electrically stimulated with a pair of bipolar electrodes with pulses of 0.1 msec in duration, 1 Hz in stimulation frequency and twice the diastolic threshold in intensity. Transmembrane potentials were recorded using conventional glass microelectrodes filled with 3 M KCl having a resistance ranging from 10 to 20 megohms. Twitch tension measurements were simultaneously performed with a transducer (TB-611T; Nihon Kohden, Tokyo) in the same preparation. Action potentials and twitch tensions of papillary muscles were displayed on an oscilloscope (DMS-6430; Iwatsu, Tokyo) and recorded with a pen recorder (Recti-Horiz-8K; San-ei, Tokyo).
Simulated ischemia
Isolated guinea pig papillary muscles were superfused in vitro at 36C and subjected to a simulated ischemia, as described by Vanheel et al. (32, 33) . Briefly, an ischemic situation was mimicked by arresting the normal superfusion and removing the Tyrode's solution from the experimental chamber, whereby a thick layer of paraffin oil (about 2 ml), which was present on top of the superfusate, was lowered and settled around the whole muscle. In this way, all ions and metabolites are trapped within the interstitial space and within the thin stagnant Tyrode layer (0.3 -0.5 ml in volume) around the muscle. The thickness of the Tyrode film was about 70 pm. Cooling was prevented by pumping warmed water (36C) through a 0.2-to 0.3-mm OD polyethylene tube around the muscle.
Double barreled ion-selective microelectrodes
The double barreled ion-selective microelectrodes were constructed and calibrated as described previously (8, 34, 35) , using liquid-sensor cocktails (hydrogen ionophore Icocktail B, model 95293; Fluka Chemika-Biochemika, Buchs, Switzerland) for H+. Two capillaries were designated as tube A for a reference electrode measuring transmembrane potential and tube B for the ionic sensor. Pure acetone was injected into the open end of tube A to preserve its hydrophilic quality. After the entire tip was dipped into a fresh solution of 0.1 % silicone oil (KF-96; Shin-etsu Chemical Industry, Tokyo) diluted with trichloroethylene, the electrode was baked on a hot plate at 300'C for 30 min. Then, tube B was backfilled with the liquid ion exchanger until the exchanger column was 70-100 pm in length from the tip. The remaining portion of tube B was filled with a phosphate-buffered solution (40 mM KH2PO4, 23 mM NaOH and 15 mM NaCI) (36) for a pH sensor. Reference tube A was backfilled with 0.5 M KCI. Calibration for H+-selective electrodes was done before and after each experiment in HEPES-buffered Tyrode's solutions with different pH values (pH: 5.4, 6.4, 7.4 and 8.4). The electrodes used responded with 55 -58 mV (at 36C) to a unit change in the pH of the testing solution from 7.4 to 6.4 or 8.4. H+-selective electrodes were tested for their responsiveness to Na+ by adding NaCI (5 -30 mM) to solutions for pH-calibration.
The H+-selective electrodes were insensitive to changes in the Na+ of the testing solution.
Recording of potentials reflecting ion activities
Individual outputs of the double barreled microelectrodes were connected to each input probe of a high input-impedance amplifier (model FD223-D; W-P Instruments Inc., New Haven, CT, USA) through a Teflon tube containing the respective electrolyte solution for each barrel. The probes were mounted close together on a plastic plate and fixed to an oil-driven micromanipulator. One end of a saturated KC1 salt bridge was placed at the down stream-portion of the flow chamber and the other end was placed in a small chamber filled with 3 M KCI, where Ag-AgC1 wire was immersed and grounded. The intracellular ionic activity signals were obtained differentially [ion output (VH) -membrane potential (Vm)] with respect to the Ag-AgCI ground electrode. All outputs were monitored on line with built-in-digital voltmeters of amplifiers and a digital memory oscilloscope (DMS-6430, Iwatsu). The signals were recorded simultaneously with a pen recorder with 80 Hz frequency response (RectiHoriz-8K, San-ei). The differential potential and Vm were also measured directly with digital voltmeters installed to the amplifiers (FD223-D, W-P Instruments Inc.) to a precision of 0.1 mV. Effects of SITS and DIDS on action potential parameters SITS at concentrations higher than 0.1 mM has been reported to attenuate CI--HCO3 exchange in sheep heart Purkinje fibers (37) , and DIDS (0.15 mM) also inhibits the rise in internal Cl-in response to reduction in external HC03- (23) . In the present series of experiments, we employed SITS and DIDS at concentrations of 0.02, 0.1 and 0.5 mM. First we examined whether these agents may have direct channel blocking actions other than Cl--HC03-exchange blocking activity by measuring action potential parameters of papillary muscles 10 min after exposure to these agents. SITS even at a concentration of 0.5 mM had no significant effects on action potentials except for slight shortening of action potential duration (APD) (APD90 from 184.4± 3.5 msec of the control group, n=14 to 174.3±2.9 msec of the SITS-treated group, mean ±S.E., n=12, P<0.05). DIDS had no significant effects on action potential parameters at doses less than 0.1 mM, but at a higher concentration of 0.5 mM, it induced a decrease of the upstroke velocity of action potentials (control: 253.3±16.1V/sec, DIDS: 192.0±10.1 V/sec, mean±S.E., n=7, P<0.05). The results are summarized in Table 1 .
Effects of SITS and DIDS on internal pH pHi was recorded in isolated guinea pig ventricular papillary muscles superfused with HC03-solution using double barreled liquid sensor ion-selective microelectrodes without stimulation. SITS in HC03-solution at a concentration of 0.1 mM started to increase pH; 5 min after exposure to test solution. The effect of SITS became more clear at a concentration of 0.5 mM. The pH, measured at 5 min after exposure to SITS (0.5 mM) in 5 experiments was increased to 7.178 ±0.035 from 7.023 ± 0.037 of the control level (P<0.001). Typical examples of records of pH; and resting membrane potential (Vm) are shown in Fig. IA . The pH; increased with the time of exposure to SITS. After washing out the preparation with normal solution, the already increased pH; remained unchanged for a period (10-15 min) and then gradually returned to the control level. DIDS (0.1 mM) also induced an increase in pH, of about 0.1 unit (dpH; 0.08-L0.029, n=3, Fig. 1: B and D) . Similar results were obtained in 7 preparations out of a total of 11 preparations after application of DIDS 0.1 (n=3, control, 7.043±0.075; DIDS, 7.125±0.038) or 0.5 mM (n=4, control, 7.05±:0.035; DIDS, 7.15-L0.02), whereas no change in pH; (0.1 mM, n = 3) and slight acidosis (0.5 mM, n=1) were also obtained. Thus, in guinea pig ventricular muscles, pH; under a quiescent steady state was increased by SITS and DIDS at concentrations that are known to block Cl--HCO3-exchange in other tissues ( Fig. 1: C and D) . 
Effects of simulated ischemia on action potential and twitch tension
To see the effect of simulated ischemia on contractility and electrophysiological properties of papillary muscles, twitch tension and action potentials were recorded simultaneously. Figure 2A shows an example of continuous recordings of action potential and twitch tension subjected to simulated ischemia for 10 min. Two minutes after the onset of ischemia, APD started to shorten and contractile force decreased. Twitch tension progressively decreased by about 50% of the control at 5 min after ischemia. Action potential amplitudes (APA), overshoot (OS), APD and Vma, also progressively decreased, and finally action potential disappeared within 10-15 min after the start of ischemia (11.5 ± 1.45 min, n = 9, Fig. 2B ). On return to normal Tyrode's solution, the recovery of twitch tension and action potentials showed considerable variations, depending upon individual preparations, probably due to incomplete wash-out of remaining mineral oil covering the surface of the preparation, but the recovery of twitch tension always tended to be slower than that of action potentials. Because of this technical reason, in the following experiments, only the results obtained during the period of simulated ischemia were subjected to statistical analysis. 
Effects of SITS and DIDS on action potentials during ischemia
Effects of SITS and DIDS on action potentials of guinea pig ventricular muscle subjected to simulated ischemia were examined. SITS (0.5 mM) or DIDS (0.1 mM) was applied 10 min prior to ischemia. Figure 3 shows representative records of action potentials of papillary muscles superfused with HC03--buffered solution containing these agents and then subjected to simulated ischemia. Figure 4 summarized changes of action potential parameters 5 min after the onset of simulated ischemia. In the control group, APD started to shorten and the diastolic potential depolarized 2 min after the onset of simulated ischemia. Either SITS or DIDS delayed the progressive shortening of APD, and SITS delayed development of progressive depolarization during simulated ischemia (Fig. 4) . SITS and DIDS significantly prolonged the time to cessation of action potential in HC03--buffered solution (Fig. 2B) . Fig. 4 . The time course of changes in action potential parameters obtained from different cells subjected to ischemia. Numerals in parentheses indicate numbers of impaled cells from different animals. Each action potential parameter measured at 0, 5, 10 min after the onset of simulated ischemia and are expressed as means±S.E. Each drug was applied 10 min prior to simulated ischemia. APA, action potential amplitude; OSP, overshoot potential; RMP, diastolic membrane potential; APD50 and APD90i action potential duration at 5001o and 90% of repolarization; Vm, maximum upstroke velocity. Data compared with the ischemia group without drugs, and the asterisks indicate significant differences from the values obtained at ischemia under the drug-free condition (control) (ANOVA with repeated measure, P<0.05). 0: Control (n= 8); 9: SITS, 0.5 mM (n=10); A: DIDS, 0.1 mM (n=6).
Effect of SITS and DIDS on intracellular acidosis induced by ischemia Figure 5 shows experiments designed to investigate the effects of SITS or DIDS on pHi in papillary muscle preparations subjected to simulated ischemia, in which measurements of pHi were done separately in different non-stimulated preparations. In control experiments in HC03--buffered solution (Fig. 5A) , simulated ischemia induced a progressive decrease in pHi and membrane depolarization. At the end of the 15-min period of simulated ischemia, pHi decreased from the initial level of pH 7.13±0.004 to pH 6.69±0.08 (mean±S.E., n=5), and it remained at the decreased level for another 5 -10 min after the start of reperfusion. SITS (0.1 mM in Fig. 5B or 0.5 mM in Fig. 5C ) and DIDS (0.5 mM in Fig. 513 ) were applied 10 min prior to simulated ischemia. Both SITS and DIDS delayed the onset of development and the rate of the progressive decrease of the pHi during ischemia. Alkalinization upon application of SITS (0.5 mM) was clearly seen in this preparation (C); the pHi measured at 15 min after ischemia was 6.95±0.05 (mean±S.E., n=3) and significantly higher than the control value. However, intracellular acidosis further developed even after reperfusion and reached to almost the same peak level as the control experiments without the drug. DIDS at 0.1 mM (data not shown) and 0.5 mM also attenuated the development of intracellular acidosis induced by ischemia. The time course of changes in pHi of papillary muscles subjected to simulated ischemia in the absence and presence of SITS and DIDS is shown in Fig. 6 . The initial Effects of Cl free on action potentials and intracellular acidosis during ischemia Since SITS and DIDS are known to be potent inhibitors of the Cl--HC03-exchange, we examined the possible participation of this exchanger on the development of intracellular acidosis occurring during ischemia by removing external Cl-. Exposure to Cl--free HC03--buffered solution caused a progressive shortening of APD, but there were no statistically significant differences in other action potential parameters between the Cl--free and control groups.
Ischemia induced progressive depolarization and marked shortening of APD in papillary muscle preparations and finally the action potentials disappeared (Fig. 7) . The time to cessation of action potentials in Cl--free HC03--buffered solution in ischemia was significantly delayed, when compared with the control (control: 11.5 ± 1.45 min, Cl--free: 18.8--+-1.03 min, mean ±S.E., n=7) A similar result was obtained in 6 other fibers and summarized in Fig. 8B . Fig. 8 . Effects of simulated ischemia on intracellular pH (pH;) in guinea pig ventricular papillary muscle in Cl--free HC03--buffered solution followed by normal Cl solution. A: Simultaneous recordings of pHi and membrane potential (Vm).
The preparation was superfused with Cl--free HC03--buffered solution and then subjected to a 10-min period of simulated ischemia indicated by a bar and re-perfused with Cl--free HC03-buffered solution. After pHi recovery, the preparation was superfused with normal Cl-HC03-buffered solution and then the protocol was repeated. Upward rapid deflections in the record of Vm indicate spontaneously appearing action potentials shown by a faster recording speed. B: Changes in pH; value were measured from the level just before exposure to simulated ischemia and expressed as 4pH;. Data obtained from the control (0, n=5; same as data shown in Fig. 6 ) and Cl--free group (A, n=7). Preparations were superfused with Cl--free HC03-buffered solution prior to simulated ischemia. The values are given as means±S.E., and the asterisks indicate significant differences from the values obtained at ischemia with the control (unpaired t-test, P<0.05).
Simulated ischemia
In the present study, we employed the model of simulated ischemia that was first described by Vanheel et al. (32) . An ischemic condition was induced by arresting the normal superfusion and immersing the preparation in mineral oil, which limits the substrate supply to the interstitial fluid and affects the clearance of metabolites. Thus, the model is considered to be similar to situations of myocardial ischemia in situ, which more commonly arises from a partial restriction of coronary blood flow leading to the decrease of the 02 supply and impairments of the removal of metabolites such as lactate, CO2 and protons. Furthermore, the present method is suitable for direct microelectrode measurements of cardiac pHl by stable cell impalements. Although simulated ischemia could not bring down muscle surface P02 to anoxic levels, it has been reported that it exerted larger effects on contractility, action potentials and intracellular pH than hypoxic superfusion (32) . The depolarization in membrane potentials and shortening of APD induced by the present method were in agreement with previous results obtained in the global ischemia for guinea pig (38) , porcine (39) and dog heart (40) . However, in the present study, intracellular acidification induced by simulated ischemia was greater than that reported by previous authors (32) . At this moment, we have no explanation for the discrepancy between the present results and theirs, but the magnitude of intracellular acidification observed in the present study was within the range reported for ischemic myocardium from the normal values of around 7.2 to values as low as 6.3 (41) or even 5.7 (42) . Thus, although we are aware of the technical limitation of the present method to simulate myocardial ischemia occurring in situ, the method adopted in the present study is considered to reflect, at least in part, some aspects of pathophysiological changes occurring in cardiac ischemia in situ.
Actions of SITS and DIDS on action potentials during ischemia
The present study has clearly demonstrated that the development of intracellular acidosis during simulated ischemia in guinea pig papillary muscles is attenuated by stilbene derivatives or removing Cl-from the superfusion fluid, and the alteration of action potential configuration induced by ischemia is also delayed. For the purpose of the present experiments, we will focus more attention on the effects of SITS and DIDS on the action potential and the pH; in papillary muscle exposed to simulated ischemia, and then consider the role of the Cl--HCO3-exchange during ischemia.
In present experiments, we have demonstrated that SITS or DIDS attenuated the progressive APD shortening, membrane depolarization and delayed the onset of the time to cessation of action potentials during ischemia. It has been proposed that APD shortening during ischemia would be mainly due to activation of KATP channels (43, 44) , but the ionic mechanism involved still remains controversial. Gasser and Vaughan-Jones (45) showed that the rapid progress of APD shortening during ischemia was completely blocked by sulphonylurea compounds that are known as specific inhibitors of KATP channels. Therefore, the stilbene derivatives-induced attenuation of progressive APD shortening and depolarization during the early phase of ischemia would be due to slowing KATP channel opening, but at this moment, we have no direct evidence for this. Alternatively, the involvement of other intracellular factors such as intracellular pH may provide a possible explanation for the preventive effects of stilbene derivatives on the APD shortening and membrane depolarization during ischemia. In present experiments, SITS or DIDS attenuated the rapid onset of intracellular acidification following simulated ischemia, which might partly account for the delay of the onset of APD shortening and development of depolarization. Furthermore, involvement of the Cl-channel blocking action of these agents (30, 31, (46) (47) (48) (49) in the delay of onset of APD shortening during ischemia cannot be ruled out. In fact, it has been reported that ischemia induced myocardial swelling and accelerated repolarization by chloride channel activation (46) . Activation of ICLcAMP decreased APD (48) and another stilbene derivative, DNDS, significantly prolonged APD (49) . Therefore, to explain the stilbene derivatives-induced attenuation of the progressive APD shortening during ischemia, additional experiments are required to fully characterize the change in other membrane currents and quantitate the relative contribution of each to the electrophysiological alterations.
Effects of SITS and DIDS on intracellular acidosis induced by ischemia A question arose as to what mechanism(s) would be involved in the action of SITS or DIDS on the attenuation of development of intracellular acidosis during the early phase of simulated ischemia. Since the ability of disulfonic stilbene derivatives, DIDS and SITS, to inhibit the pHl-regulating mechanism was first demonstrated in experiments on snail neurons (50), these compounds were extensively used as an experimental tool to block Cl--HCO3-exchange in a variety of cells including cardiac cells (see ref. 28 for a review). Therefore, interpretations of the present results entirely rest on the assumption that SITS and DIDS at the concentrations employed in the present experiments mainly act as a blocker for Cl--HCO3-exchange; If this is the case, then the present findings of SITS and DIDS-induced attenuation of the development of intracellular acidosis during the initial phase of simulated ischemia could be explained as a consequence of the blockade of the CI--HCO3-exchange. This idea might appear surprising at first because it has been believed that the hypoxic acidification is primarily due to the production of lactic acid (2, 4, 51) , and Cl--HCO3-exchange plays a role in the recovery from intracellular alkalinization, while the exchanger activity is decreased at acid pHi (15, 18, 21, 23) . Moreover, in cultured chick heart cells, a Nat-dependent Cl--HCO3-exchange regulates pHi after cell acidification and can cause cell alkalinization (17) . Our results conflict with what would be expected based on these previous studies. However, measurement of intracellular Cl-activity with Cl--selective microelectrodes by our laboratory (data not shown) and previous studies (37) showed that Cl-ions across the sarcolemma of cardiac muscle did not conform to a simple passive distribution of Cl-in accordance with the membrane potential but maintained an apparently higher level (about 20-30 mmol/1) in quiescent preparations, which was about five times higher than expected from electrochemical equilibrum. To explain this high level of intracellular Cl-, activation of Cl--HCO3-exchange during the steady state has been proposed by Vaughan-Jones (23) . This model predicts that the steady state efflux of HCO3-via the exchanger would be about 0.4 mmol/l -min, which is equivalent to a small resting acid influx leading to gradual intracellular acidosis (23) ; Hence, the Cl--HCO3-exchange seems to act as an acidifying factor in Purkinje fibers. In fact, we showed that in papillary muscles under the quiescent steady state, SITS or DIDS gradually increased pHi (see Fig. 1 ). Thus, the present finding of the SITS or DIDS-induced increase in pHi in resting papillary muscles in HCO3--buffered solution is in accordance with the prediction from the model, suggesting that under the steady state, a certain amount of Ht is continuously added into the intracellular phase via the Cl--HCO3-exchange in papillary muscle preparations. Therefore, it is plausible that the attenuation of the progressive development of acidosis induced by SITS or DIDS would be at least in part due to blockade of intracellular Ht accumulation via the Cl--HCO3-exchange. In Cl--free solution, the development of acidosis during ischemia appeared to be slowed and the time to cessation of action potentials was also delayed. This also supports the involvement of activation of the Cl--HCO3-exchange during ischemia.
The second question is about what mechanism(s) would be responsible for activation of the Cl--HCO3-exchange during the initial phase of ischemia. In this regard, the present results are not conclusive, but it is of interesting that Puceat et al. provided evidence that the Cl--HCO3-exchanger can be modulated by an external agonist and MgATP induces Cl--HCO3-exchangedependent acidification (52) . They suggested that under physiological conditions, the circulating MgATP (0.1 mM) could enhance the ability of the cell to regulate pHi by slight activation of the Cl--HCO3-exchange; and during ischemia, the Cl--HCO3-exchange would be maximally activated by MgATP at a high concentration (10 pM). Therefore, if it is assumed that in simulated ischemia, MgATP is released in an amount sufficient to stimulate the C1--HCO3-exchange from the cardiac muscle, then the present results can be explained by MgATP-induced acidification via accelerated Cl--HCO3-exchange. Indeed, MgATP at a concentration sufficient to activate the Cl--HCO3-exchange can be found in coronary vessels during ischemia (53), and we found that MgATP might induce an increase in intracellular Cl-as well as a decrease in pHi (data not shown). However, the question of whether the Cl--HCO3-exchange activated by MgATP in cardiac tissues is also sensitive to SITS and other disulfonic stilbene derivatives remains to be answered.
In conclusion, this is the first report demonstrating that in the ventricular papillary muscle of the guinea pig, SITS and DIDS attenuated the development of intracellular acidosis during simulated ischemia, suggesting that activation of the Cl--HCO3-exchanger would also contribute to the acidification of the pHi in addition to metabolic acidosis during cardiac ischemia.
